Methods: This was a study on eleven patients with peripheral nerve injuries in the upper limbs that were treated with grafts from the sensitive branch of the superficial peroneal nerve. The mean time interval between the dates of the injury and surgery was 93 days. The ulnar nerve was injured in eight cases and the median nerve in six. There were three cases of injury to both nerves. In the surgery, a longitudinal incision was made on the anterolateral face of the ankle, thus viewing the superficial peroneal nerve, which was located anteriorly to the extensor digitorum longus muscle. Proximally, the deep fascia between the extensor digitorum longus and the peroneal longus muscles was dissected. Next, the motor branch of the short peroneal muscle (one of the branches of the superficial peroneal nerve) was identified. The proximal limit of the sensitive branch was found at this point.
Introduction
In treating peripheral nerve injuries, the objective is to achieve primary repair without tension on the suture. Situations in which there is no possibility of suturing, or in cases of loss of nerve segments, such as late injuries, or in complex cases, the treatment consists of reconstruction of the nerve. 1 Over recent decades, a variety of experimental studies have been developed to determine the best methods for filling the gap between the stumps of injured nerves. 2 Although research using autogenous tubes (from muscles or vessels) 3, 4 and synthetic (non-autogenous) tubes 5 has been developed, grafts from autogenous nerves are still the material most indicated and used. 1, 2 In choosing the nerve graft, the matters that need to be taken into consideration include whether it is sufficiently long to ensure tension-free anastomosis; whether the number of fasciculi is coincident with those of the receptor nerve; and whether the sequelae in the donor area are minimal. 6 Given these characteristics, the donor nerves are generally limited to the cutaneous nerves of the extremities.
In the upper limbs, the nerves that are used most are the medial cutaneous nerve of the forearm and the lateral cutaneous nerve of the forearm. 1, 2, 6 The advantage of these nerves is their location (in the same limb that is to be operated), while their disadvantage is their small diameter and limited length, which is often insufficient to adequately fill the gap. 6 The sural nerve, in the lower limbs, is considered to be the standard for nerve grafts. 7, 8 It is the one most used because of its more suitable diameter and length (up to 30 cm in length). However, despite the above characteristics, even this may not always be sufficient when larger gaps need to be filled or in cases of multiple injuries. It also has the inconvenience of sensory loss on the lateral face of the foot or other complications inherent to the surgical procedure.
In seeking alternatives, the superficial fibular nerve has emerged as an interesting option. This is a lateral branch of the common fibular nerve that innervates the long and short fibular muscles. It supplies sensitivity to the lateral and inferior faces of the skin of the lower leg and dorsum of the foot. 9 In the lower third of the lower leg, it perforates the deep fascia and penetrates into the subcutaneous cellular tissue at the junction of the middle and lower thirds. At this level (i.e. the malleolus of the ankle), it divides into two branches (medial and intermediate dorsal cutaneous branches), which are both responsible for the sensitivity of the dorsal surface of the foot. 10 This is the commonest branching pattern that has been described. In a less common type, these branches pass independently through the deep fascia, which indicates the starting point for branching that is more proximal, 2 but it presents the same area of sensitivity on the foot.
Buntic et al. 6 and Agthong et al. 11 published studies reviewing the limitations of the number of nerve graft sources. They provided deeper knowledge regarding use of the superficial fibular nerve as a possible efficient alternative graft source, although the literature on this remains sparse. The objective of the present study was to evaluate the results from clinical use of the superficial fibular nerve as a graft source for treating peripheral nerve injuries.
Materials and methods
In this retrospective study conducted between June 2011 and January 2013, 11 patients with diagnoses of peripheral nerve injuries underwent operations. Direct repairs to these injuries during the operation were not possible. In all of these cases, the sensory branch of the superficial fibular nerve was used as a graft donor source.
All the patients were given explanations and signed a statement of legal responsibility, for the study to be conducted. The study received prior approval from the ethics committee for research on human beings.
All the patients were male, with a mean of 4.7 years (range: 19-58), and the time that had elapsed between the initial injury and the surgical treatment ranged from one to nine months (mean of 2.9). The upper limbs were affected in all cases, with wounds in the volar region of the forearm: seven on the left side and four on the right side, and the dominant side was affected in five cases. The ulnar nerve was injured in eight cases and the median nerve in six cases. In three cases (Table 1) , there was concomitant injury to both of these nerves.
Surgical technique
General anesthesia was used in all the cases. The patient was positioned in supine decubitus, a hand table was used and exsanguination was performed using a pneumatic cuff. The elbow and forearm were kept extended in order to mark out the incision.
After the nerve injury had been identified, the technique consisted of resecting the damaged nerve tissue until healthy tissue was encountered. The fascicles of this tissue were identified. At this point, the gap between the stumps was measured, along with the size of the graft that was to be harvested ( Fig. 1) . With the limb positioned, the anterior subcutaneous course of the superficial fibular nerve to the lateral malleolus could be viewed (Fig. 2) . The subcutaneous course of this nerve could be viewed in nine patients before the operation.
With the patient in the same decubitus position and with a tourniquet on the lower limb that was to be operated, a longitudinal incision was made in the lateral face of the ankle, 4 cm anteriorly to the midline of the malleolus.
After the subcutaneous tissue had been opened, the superficial fibular nerve could be viewed. This was located anteriorly to the long extensor muscles of the toes. At this location, proximal dissection was performed by means of longitudinal or continuous incisions, which followed the subcutaneous path of the nerve as far as the lower third of the lower leg, where it perforated the deep fascia (Fig. 3) .
Depending on the size of graft required, dissection was then performed in the proximal direction at a deeper level, in which the deep fascia was sectioned along the long axis of the incision and the layer between the long extensor muscle of the toes and the long fibular muscles was separated out laterally (Fig. 4) .
Following this, the branch to the short fibular muscle was identified. The proximal limit of the sensitive branch was set at this point. The distal dissection, at the level of the lateral malleolus, followed the medial and intermediate dorsal cutaneous branches (Fig. 5) .
To harvest the nerve, sectioning of the proximal portion of the nerve was preferred. Following this, the nerve was raised proximally and along its entire length, including the two distal branches (Fig. 6) .
Independent of the branching pattern observed, the main trunk of the superficial fibular nerve penetrated into the deep fascia, or the medial and intermediate dorsal cutaneous branches penetrated it separately. The dissection was similar to what was described above, since in identifying the branches, they were followed to the start of the most proximal branching, along the deep fascia (Fig. 7) .
In the receptor area, the length and diameter of the interfascicular grafts that would be necessary in order both to fill the gap between the stumps and to cover the entire cross-sectional area of the injured nerve were ascertained. In preparing the final graft, cables of appropriate size were arranged in parallel and were joined using fibrin glue (Fig. 8) .
Following this, the graft was sutured both proximally and distally (Fig. 9 ) using fibrin glue together with the suturing (Ethilon 8 or 9-0 nylon thread). In cases in which associated tendon injuries were present, the tendons were sutured first. 
Criteria for assessing the results
-Measurement of the gap between the nerve stumps after excision of the neuroma, using a ruler with a scale in millimeters, with the joints adjacent to the injury maintained in the neutral position. -Identification of the anatomical pattern of the branching of the fibular nerve, defined as type 1, when the main trunk of the superficial fibular nerve penetrated into the deep fascia; or type 2, with separate penetration of the medial and intermediate dorsal cutaneous branches into the deep fascia. 11 -Length of the superficial fibular nerve harvested. -Number of cables needed to achieve adequate thickness for the cross-sectional area of the injured nerve. -Evaluation of the recovery of sensitivity (measured using the scale of the British Medical Council System of Assessment), in which S0 represented lack of sensory recovery; S1, recovery regarding deep cutaneous pain; S2, recovery regarding superficial cutaneous pain; S2+, exacerbation of the response; S3, recovery regarding pain and touch without exacerbation and discrimination of two points >15 mm, S3+, good localization of stimuli and discrimination of two points at 7-12 mm; and S4, complete recovery and discrimination of two points at 2-6 mm. -Evaluation of motor recovery, using the scale of the British Medical Council System of Assessment, in which grade 5 represented normal strength against total resistance; grade 4, muscle strength is reduced, but there is muscle contraction against resistance; grade 3, joint movement is only achieved against gravity and without resistance from the examiner; grade 2, there is muscle strength and joint movement only without resistance from gravity; grade 1, muscle contraction without movement is seen or felt, or fasciculation is observed in the muscle; and grade 0, no movement is observed. -Sensory and motor deficits in the donor area.
-Complaints about abnormalities of walking.
-Complaints about the healing in the donor area.
Results
The mean duration of the postoperative follow-up was 11.18 months (range: six to 18). The mean distance between the nerve stumps after excision of the neuroma was 3.8 cm (range: 3-5.5 cm). In cases of injury only to the ulnar nerve, it was 3.57 cm; and to the median nerve, 4.08 cm. When both nerves were injured, the mean size of the graft needed was 4.13 cm.
Regarding the anatomical pattern of fibular nerve branching, 90.9% (ten cases) presented the type 1 pattern and only one case showed type 2 (9.09%). The maximum length of the graft harvested was 26 cm and the minimum was 9 cm (mean of 16.9 cm).
The mean number of cables used in order to achieve adequate thickness of the cross-sectional area was three to four cables for the median nerve and two to three for the ulnar nerve.
In evaluating the recovery of sensitivity, 27.2% presented S2+ (three cases), 54.5% S3 (six cases) and 18.1% S3+ (two cases). Regarding motor recovery, 72.7% (eight cases) presented grade 4 and 27.2% (three cases), grade 3.
In no case was motor loss in the donor limb observed. Sensory deficit in the donor area was observed in the dorsolateral region of the ankle and the dorsal region of the foot (Fig. 10) . There was no sensory deficit in the plantar region. None of the patients presented complaints in relation to walking. Regarding the donor area, there were no cases on complaints about healing, even in the cases in which a large quantity of graft was necessary, with a greater number of incisions to harvest it.
Only one case presented superficial infectious complications of the skin in the donor area, which was seen one week after the surgery. It was treated with oral antibiotic, with good evolution.
Discussion
Despite decades of advances in nerve research, 12 treatment of peripheral nerve injuries continues to be a significant challenge.
For filling the space between the nerve stumps, grafts from autogenous nerves remain the gold standard for nerve reconstruction, since they provide support architecture, neural growth guides, neurotrophic factors and Schwann cells. 13 The number of nerve graft donor sources available is considered to be limited. In the upper limbs, despite the advantage of the locations of the medial and lateral cutaneous nerves of the forearm, these nerves are of limited thickness and length. 6 The sural nerve is the one most used, and it is considered to be the standard as a graft donor source. 7, 8 However, harvesting this nerve presents some inconveniences in terms of its positioning, the need to change decubitus and the area of loss of sensitivity in the lateral region. This source is limited when a large quantity of graft is needed.
The ideal would be to have an optional graft source for when this is necessary, or even as the first choice to be used. The superficial fibular nerve has been shown to be a good option as a donor source, since it supplies a long graft of good caliber that is anatomically predictable. It can be harvested with the patient in dorsal decubitus and is easily accessible, without the need for changes of decubitus.
In an anatomical study, Buntic et al. 6 reported that in their sample, the mean length harvested was 14.7 cm (range: 3-25 cm), and that 40 cm would be possible. In our study, we achieved a similar mean, of 16.44 cm (range: 9-26 cm), which was comparable to the sizes used when the sural nerve was chosen. 7, 13 Loss of sensitivity in the region supplied by the donor nerve is a form of morbidity common to any graft source. What may differentiate the sources is the extent of the area and its location, which might be close to an inconvenient region. In this regard, use of the lateral cutaneous nerve can be cited, which gives rise to loss of sensitivity along the lateral face of the forearm that may extend over the thenar region, which is undesirable in cases of injuries to the median nerve or finger nerves.
In the case of the radial sensory nerve, compromising the dorsolateral region of the hand is also undesirable.
In the lower limbs, preservation of lateral and plantar sensitivity is extremely important for preventing ulcers and other wounds. In this regard, use of a graft from the superficial fibular nerve has an advantage because only an area of dorsal anesthesia occurs.
In relation to possible complications in the donor area, formation of a painful neuroma would be one of these. Buntic et al. 6 observed the presence of a case of painful neuroma of the superficial fibular nerve that had to be operated. No presence of neuromas was observed in our series. Formation of neuromas upon harvesting the sural nerve has been reported in the literature at rates ranging from 22% to 42% of the cases. 14, 15 In our series, no injuries to motor branches to the fibular muscles were detected in any of our cases.
Knowledge of the anatomical variations of branching of the fibular nerve is of prime importance for surgeons who wish to use this nerve as a graft source, so that injury while raising its distal branches can be avoided. In the present study, the type 1 anatomical pattern of branching was more prevalent. The main trunk of the superficial fibular nerve penetrated the deep fascia, as also seen in other studies in the literature, which confirms the ease of harvesting of this nerve. However, it should be noted that occurrences of type 2 are possible.
The possibility of subcutaneous viewing of the fibular nerve in most patients makes it easier to make the initial identification and to perform the dissection. In the literature, some methods for viewing this nerve have been described, such as plantar flexion of the ankle combined with inversion. Its course in the distal segment of the lower leg can be marked out before the operation, even if its location may change with different positions of the foot and ankle. 16 This is an advantage in dissecting it.
Accurate and reproducible assessment of the evolution if treatments for nerve injuries is difficult, given that many variables are involved, in relation to both the patient's comorbidities and the surgical technique, type of lesion and postoperative rehabilitation protocols.
The results from this study on clinical use of grafts from the superficial fibular nerve were comparable with those in the literature. Use of this nerve remains low, but the overall results were similar to those from series that used other nerves as graft donor sources. 6, 7 The superficial fibular nerve therefore emerges as a safe and valuable donor nerve source, particularly in cases that require long grafts. Not only does it constitute an optional source, but also it could form the first choice for use as an autologous nerve graft, because of its advantages.
Conclusions
Use of the superficial fibular nerve as a nerve graft source for treating peripheral nerve injuries is safe and provides good clinical results.
